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MEMORANDUWM 1 August 1990

FROM: Judy Hall-Griswold

TO: Bill Schrader, Bruce Rieman, Inez Hopkins and Cleve Steward

SUBJECT: Sockeye Sal mon

Due to the many requests for the information on sockeye which has

been recently compiled, | am enclosing copies of the report for
your files. Inez Hopkins will be placing a copy of this report
in the Fish and Game |ibrary. Please note that the information

complies with the request made by the National Marine Fisheries
Service for information on sockeye and kokanee in the Stanley
Basi n. Ot her information may exist on sockeye which is not
within the focus of this report.

Sincerely,
——— __‘;;:'dTAn‘Q&’él\LSWG\g&

Judy Hall-Griswold
Fishery Research Biclogist
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SUMMARY

Prepared by
Judy A. Hall-Griswold

1. Hi storical records of sockeye distribution and abundance
the Sal mon River Basin.

a. harvest (recreational, commercial, tribal)

(Ever mann, 1895)
In 1881, 1,180 kg of sockeye were harvested from
Alturas Lake for mining camps. Plans were made at one
time to build a cannery at Redfish Lake to process the
sockeye catch.

Two fisheries were run for 7 or 8 years at Big Payette
Lake for redfish between 1870 and 1880. The fisheries
were run by Hughes and Bodily, and Louis Fouchet. One
year Hughes and Bodily put wup about 75,000 fish. They
quit fishing in 1876, no one fished in 1877, but in
1878 Fouchet came back and fished for 1 or 2 more
years. Mr. N.B. Robertson reported Louis Fouchet wuse
to come to Payette Lake 15-20 years previous and salt
down 30,000 to 40,000 Ibs. of redfish every year. Mr.
Robertson recalled both large and small (6-8") redfish
in Big Payette Lake.

(Marie Sullivan, Personal Communication, Challis, |D)
Mrs. Sullivan recalls that during the year of  her
weddi ng, 1937, her husband caught sockeye in the main
Sal mon River near Stanley, |ID.

(Craig Rember, Personal Communication, Stanley, |D)
M. Rember observed and caught sockeye salmon in the

|late 1930's and wearly 1940's in Redfish Lake. The
sockeye ranged in size from5 to 7 |bs.

(ldaho Department of Fish and Game files)
The lIdaho run of sockeye salmon contributes between 0.5
and 1.0% of the Columbia River run. The Columbia River
commercial fishery reaps most of the economic benefits
fromthis run.

(Bjornn et al, 1968)
From 1955-1964, the number of adults returning to the
Redfi sh Lake Creek weir appeared to Dbe regul at ed
somewhat by the commercial fishery harvest in the | ower
Columbia River. Also, since the commercial fishery was
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selective to larger fish and few of the Redfish Lake
fish are small, the fishery may have taken a
di sproportionately large share of the fish destined for
Redfish Lake.

ard, Aug. 1983)
Pollard (1983) reported the illegal harvest of one (20
inch) mal e sockeye from Redfish Lake Creek in 1983.

b. surveys (spawning ground, juvenile and adult
sanmpl i ng)
mann, 1895)

Evermann (1895) reported sockeye salmon in Alturas,
Pettit, Redfish and Stanley Lakes during his survey of
the Stanley Basin in 1895. An account of adult redfish
in Alturas Lake was given by M. F.C. Parks who
reported 2 distinct sizes of redfish, those of one size
weighing 3 or 4 Ibs., while those of the other size
wei ghing less than half a pound. M. Parks reported
fish of both sizes entering Alturas Lake on August 1
and reaching the inlet by August 5 to spawn. The small
and large ones nearly always schooled separately. The
smal |l ones spawned about 3 mles up the inlet, and the
| arger ones spawned in the |lower part of the inlet.
Spawni ng wusually went through the 1st of Septenmber.
Redfish up to 6 | bs. had been reported.

Anot her report by M. B.S. Brown recalled big redfish
spawni ng around August 18, 1893, and around August 15
in 1887, 1888 and 1889 in Alturas Lake. The | arge ones
averaged 3-4 | bs. Both M. Parks and M. Br own
recall ed more mal e sockeye than femal e sockeye.

Evermann also noted that Redfish ocurred in the Big
Payette Lake, but were not known to occur to enter
Little Payette Lake. M. WC. Jennings recalls a large
abundance (in the millions) of redfish in former years
in Big Payette Lake. They appeared about August 10-15
each year and continued to be seen up to the |ast week
of October. The principle spawning beds were in the
inlet of Big Payete Lake, 2-3 miles above the | ake.
But they went as far as 5-6 miles. He also reported
both large (4-5 1Ibs) and small sockeye (probably
kokanee).

(Par khurst, 1950)

(Crai

Reported 200 sockeye spawning in Redfish Lake in 1942.

g Rember, Personal Communication, Stanley, |D)
M. Renber observed sockeye spawning in Redfish Lake
during the late 1930's and early 1940's (ie., post-
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Sunbeam Dam). He reported seeing good runs of severa
hundred in 1945 and 1947.

(Morgan W lianms, Personal Communication, Challis, |D)

(Bill

(Bill

M. WIlliams father settled in Stanley Basin in 1900.
Morgan remenmbers his father telling him that the
sockeye were so thick then, that the horses would not
cross the streanms where the sockeye were spawning.

Sul I'i van, Personal Communicati on, Clayton, |D)

Bill Sullivan nmoved to Stanley in 1937 and was a
hunting and fishing guide, however, during earlier
trips to Stanley, he observed sockeye and chinook
sal mon ascendi ng the | adder at Sunbeam Dam Though the
| adder was inadequate at certain flows, he claims that
a few sockeye and chinook always got through. He
recalls hundred's of sockeye spawning in Redfish Lake
during an outting with his friend Ted WIIliams during
1948.

James, Personal Communication, Challis, |D)
M. James recalls the sockeye salnmn spawning in good
nunbers in 1947 at Redfish Lake.

(Hauck, 1955)

(Mal |

(Bj or

In 1942, the first account of the return of sockeye
salmon to the Stanley Basin was made by a survey team
of the U S. Fish and WIldlife Service since the partia

renoval of Sunbeam Dam in 1934. The USFWS observed
about 200 spawning sockeye in Redfish Lake. Leland
Hoopes of Stanley reported fairly large nunmbers of
sockeye in October of 1951 and 1952. In 1953, sockeye
were also observed in the Salnon River below Stanl ey,
and a survey of Redfish Lake in October gave an
?stknated spawni ng popul ation of about 2-3 thousand

i sh.

et, 1974)
Sockeye salmon reportedly once wused the South Fork
Salmon R., but have not been seen during extensive

spawni ng ground surveys since 1955.

nn et al, 1968)

Fish found in Pettit and Yellowbelly Lakes, after
chem cal treatment in 1961 and 1962, appeared to be
resi dual sockeye sal non. The fish were darker in
coloration than the bright red kokanee and would have
spawned |ater than the kokanee populations in Redfish
and Alturas Lakes. Bjornn et al (1968) found no record
of kokanee bei ng pl ant ed in either Pettit or

Yel | owbel | y Lakes.



From 1954-1966, adult sockeye were enumerated at the
Redfi sh Lake Creek weir. A temporary weir was
installed in Redfish Lake Creek in 1954 for the
enumer ati on of adult sockeye. A permanent two-way weir
(Craddock, 1958) was installed in the spring of 1955
and both smolts and adults were enumerated in 1955 and
subsequent years by personnel of the |daho Depart ment
of Fish and Game and U.S. Bureau of Comer ci al
Fi sheries. Numbers of returning adults ranged from 11
in 1961 to 4,361 in 1955 (Table bel ow):

Nunber of Adult

Year Sockeve count ed
1954 998
1955 4,361
1956 1, 381
1957 523
1958 55
1959 290
1960 75
1961 11
1962 39
1963 395
1964 335

Adult sockeye salnmon nmigration upstream to Redfish Lake
were captured in an adult trap in the center of the
weir, and then counted out of the trap over a counting
board except for those sanpled for sex and |ength.
Adults usually appeared at the weir after the m ddle of
July and nost of the run was passed during August.
Approximately 10% of the run passed the weir during
early Septenber. Spawning took place on the beach
areas of Redfish Lake during October with the peak of
activity about the mddle of the month. Fork |ength of
most sockeye sal non measured at the Redfish Lake Creek
weir during the period 1953-1965 ranged from 19.0 to
25.0 inches (483-635 cm). The mean | ength of females
was approximately 21.5 inches (546 cm) and mal es
averaged 22.7 inches (577 cm. Redfish Lake sockeye
sal mon usually spent two years at sea and returned in
their fourth or fifth year of life.

Kenneth Mosher (Bjornn et al 1968) collected otoliths
from 24 Redfish Lake sockeye salmon in 1953 for age
determ nation. Of the 24 otoliths exam ned by Mosher,
21 of the fish had spent 2 winters at sea and ranged in
l ength from 20.2 (513 cm to 24.7 inches (627 cm, 2
had spent three winters at sea and were both 23.5
inches (597 cm in length, and 1 had spent one winter
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(1 daho Departnment of Fish and Gane file,
Meno dated Feb. 6, 1979 from Kent

at sea and was 17.5 inches (445 cm

Sex ratio in the spawning
Lake Creek weir was virtually 1:1 for
during the years 1953-65.

Juvenil e sockeye sanpling
t hrough May during 1955-1966 at
weir. Downstream mgrants

plane traps at the

occurred

| ong.

run enunerated at the Redfish

all fish sanpled

from late April

t he Redfish Lake Creek
captured in inclined
Creek weir, whi ch

strained all of the the flow from the creek. The traps

wer e checked periodically
count ed

necessary. Fish were
nunmbers were caught,

and  fish renoved as
i ndi vidually when small
| arge numbers were

caﬁtured the entire catch was weighed and sanples were
ta

en to determ ne the
catch. Random sanpl es of
wei ghed alive each day
determ nati on. The nunber
Redfish Lake durin t his

12 year

pound and total

10-20 fish were neasured and

removed for age

smolts mgrating from
period ranged from

2,133 snolts in 1960 to an estimted total mgration of

65, 000 in 1957.

1978)

to Paul Jeppson

1978 - 167 sockeye were enunerated past Lower Granite Dam
| DFG personnel were unable to find any sockeye on the

spawni ng grounds in Redfish Lake.

(1 daho Departnent of Fish and Ganme, Annual Reports of Snolt
Condition and Timng of Arrival at Lower Granite Reservoir, 1983-
1989 )

The following table contains information on the nunber

of sockeye smol ts coll ected by | DFG personnel

conducting the snolt nmonitoring project on the Sal nmon

and Snake Rivers:

NUMBER OF SOCKEYE SMOLTS COLLECTED

SALMON R. TRAP SNAKE R. TRAP

YEAR AT WHI TEBI RD AT LEW STON- CLARKSTON REFERENCE

1983 0 38 Scully et al, 1983

1984 3 49 Scully & Buettner, 1984
1985 7 90 Scully & Buettner, 1985
1986 not operated 224 Buettner & Nel son, 1987
1987 0 5 Buettner & Nel son, 1988
1988 0 3 Buettner & Nel son, 1989
1989 not operated 331 Buettner & Nel son, 1990
1990 - 334 (Buettner, Pers. Comm




(Koski et al, 1990)

Juvenil e sal mon and st eel head have been col |l ect ed,
bypassed and transported at Lower Granite Dam snolt
collection facility since 1982. During the past 8
years of operation, downstream mi grant sockeye numbers
have ranged from 791 in 1987 to 14,045 in 1989. The
1989 count was up substantially (86.4% from the 1,903
juveniles estimated during the previous season. Many

elieve, however, that the majority of these fish were
actually kokanee that escaped from Dworshak Reservoir
during periods of high discharge.

(U.S. Arnmy Engineer District, 1988)

Adult sockeye passing Bonneville Dam on the Columbia
Ri ver have een counted since 1938. Counts have ranged
from 9,501 in 1945 to 237,748 in 1955. The 10-year
average of sockeye escapement o”er Bonneville Dam is
89,202. The 10-year average for sockeye passing Lower
Granite Dam is 82. Counts of adult sockeye escapement
over Lower Granite Dam have been made since 1975, and
have ranged from 531 in 1976 to 15 in 1986. In 1988,
23 sockeye crossed Lower Granite Dam, and a record |ow
of 2 adult sockeye was set in 1989 (IDFG files).

(Hall - Gri swold and Cochnauer, 1986, Feb. 1988, April 1988)

()

A temporary weir was placed in Redfish Lake Creek to
count sockeye salmon entering Redfish Lake during
periods of adult escapenment during 1985 - 1987.

Ground counts of redds in Redfish Lake were conducted
from 1981 to 1988.

Adult escapement and redd counts for the period 1981-
1989 have been conpiled in the follow ng tables:

Tabl e A. Adult Sockeye escapenent to Redfish Lakel981-1989
Number of adult sockeye trapped at the Sawtooth Trap

NUMBER LUMBER NUMBER
SOCKEYE SOCKEYE SPAWNED NUVMBER
VEI R COLLECTED PASSED ARTI FI CI AL EGGS REFEREN.

YEAR  OPERATI ON M F M F M F  COLLECTED ( Thbl . B)
1981  -------- No wei r at RedfishLake Creek -------- 2
1982  -------- No wei r at Redfi shLake Cre®k -------- 2
1983  -------- No wei r at Redfi shLake Creek -------- 2
1984  -------- *No wei r at Redfi shLake Creek -------- 2
1985 7/10-10/9 9(2) 2(1 10 2 1 1 2,900 7(8)
1986 7/ 20-9/15 7 22 0 0 3 13 31,594 9
1987 6/5-9/29 7 9 7 9 0 0 -- 10
1988 - - (1) O 1 0 - - - - - - 11
1989 - - 0 (1) O 1 - - - - - - 12

*One aduft Sockeye trapped at Sawtooth & passed upstream on main

Sal mon River to continue upstream mi gration.



Tabl e B. Redfish Lake spawni ng ground surveys from 1981 -

NUMBER OF NUMBER OF

YEAR DATES OF SURVEY ADULTS REDDS REFERENCE
1977 0 0 1
1978 0 0 1
1979 0 0 1
1980 0 0 1
1981 9/15,22,29 & 21 MALE 0 3
10/ 6, 13, 21 5 FEMALE
1982 10/5, 13, 19 50 25 4
1983 QOCT. 0 0 5
1984 oCT. 11 16 11 6
1985 SEPT. / OCT. 0 0 7
1986 2 SURVEYS 0 0 9
1987 9/17,28; 10/ 8, 20 0 1 potenti al 10
1988 9/ 24; 10/ 8, 29 2 NMALE 2 11
2 FENVALE
1989 COCT. (2 surveys) 0 1 and 12
1 potenti al
1. Kent Ball, | DFG, Personal Conmmunication
2. Tom Rogers, |IDFG, Personal Conmunication
3. Pollard et al, Sept. 1982
4, Pol | ard, Feb. 1983
5. Pollard, H., Aug. 1984
6. Pollard, H., April 1985
7. Hal | -Gri swold & Cochnauer, 1986
8. Gary Gadwa, C.0. Stanley, |DFG Personal Conmunication
9. Hal | - Gri swold & Cochnauer, Feb. 1988 Hall-Griswold &
10. Cochnauer, Apr. 1988 White & Cochnauer, June 1989
11. Phil Coonts, |DFG, Personal Conmunication

1988.



2. Juvenile migration characteristics of natural populations of
sockeye in the Sal mon River Basin.

(Bjornn et al, 1968)
Sockeye salmon smolt migration was monitored from 1955-
1966 at the Redfish Lake Creek weir. Sockeye salmon
smolts migrated from Redfish Lake primarily from 1800
to 2400 hr. There was no consistent relationship
bet ween seasonal timing of the migration, |ake ice
cover, temperatures or flow of the outlet stream The
role of photoperiod in timng of the migration and the
parr-smolt transformation is unclear.
Seaward migrant sockeye salmon departed from Redfish
Lake from | ate April through May during the years 1955-
1966. The dates when | argest numbers of fish left the
| ake during those years mentioned, ranged from 3 to 18
May. In most years, a majority of the fish migrated
during the first 3 weeks of May. M gration of smolts
usually coincided with increasing flows, but there were
years, such as the 1961 peak, when a large number of
fish migrated before any increase in stream flow had
occurred.

The main downstream movement of fish in Redfish Lake
Creek did not start wuntil shortly after dark, peaked
about 2230 or 2300 hr. and then decreased. Seventy-six
percent of the migrants were captured between 1800 and
2400 hr., 21% between 2400 and 0600 hr., and only 3 %
in the combined period of 0600 to 1800 hr. Young
sockeye migrants moved during hours of darkness. Large
schools of fish were often seen entering the weir pond
just at dusk, and were observed spilling into the traps
in groups rather than singly, indicating schooling
behavi or after dark.

Esti mated and actual counts of juvenile sockeye sal mon
m grating from Redfish Lake ranged from 2,133 to 65,000
during the years 1955-1966. Estimates of the tota

number of migrants were made by examination of the
hi stogram of daily catches and subjective extrapol ation
of the daily catch curve for parts of the run missed
(ie., 1955-1961 trapping was not initiated until after

the mi gration had begun). I n 1957, trapping was
di scontinued due to high stream flows. In other years
trapping was discontinued before the entire migration
had been counted, but Bjornn et al (1968) believed that
only a small part of the run was missed based on the
trend of daily catches.

Growt h of sockeye sal mon in Redfi sh Lake vari ed
annual ly, appearing to be related at |east partially to
density of fish in the | ake. Sockeye sal mon migrated



from Redfish Lake at the beginning of their second or
third summer of life.

There was a relationship between the age at which
juvenile sockeye salmn mgrated from Redfish Lake and
their growth during their first summer in the |ake. The
percentage of a year class mgrating as yearlings was
not closely correlated with the total number of eventual

m grants (all snolts of a year class plus age Il snolts
of previous year class) in the lake during the first
summer of life of the yearling mgrants.

(Bowl es and Cochnauer, 1984)
Redfish Lake snolts mgrate approximately 1,440 river
kil ometers (rkm) to the ocean. Some snolts are
presently transported by truck or barge around | ower
Snake and Col unbi a River Damns.

(Wel sh et al, 1965)
Tabl e 5. Downstream m grant sockeye counts at the
Redfi sh Lake Creek weir, 1954-1966.

YEAR SMOLTS
1954 - -

1955 48, 720
1956 40, 000
1957 32, 857
1958 38, 000
1959 12, 324
1960 2,113
1961 19, 857
1962 23, 358
1963 23, 320
1964 6,492
1965 18,479
1966 15, 159




3. Records of sockeye supplenmentation (stocking)
Ri ver

YEAR

1921
1935
1935
1936
1936
1936
1937
1937
1937
1937
1937
1937
1937
1938
1938
1938
1938
1938

Basi n.

a. origin and destination of

juvenil es and adults)

donor

stock (eggs,

in the Sal mon

(1daho Department of Fish and Game, Fish Stocking Records, |DFG
Li brary, Boise, 1D)
OR1LGIN OF DONOR _STOCK LI FE STACE DESTI NATI ON
) yearling Al turas Lake
- 2" Payette Lake Tribs.
- 2-4" Rapi d Creek
Evergreen Hatchery - Payette Lake Tri bs.
Evergreen Hatchery - Payette Lake Tribs.
Evergreen Hatchery - Payette Lake Tribs.
Everareen Hatchery - Fi sher Cr.- McCall
Evergreen Hatchery - Fall Cr.
Evergreen Hatchery - Cougar Cr.
Evergreen Hatchery - N. Fk. Payette
Evergreen Hatchery - Deep Cr.
Evergreen Hatchery - Fi sher Cr.
Evergreen Hatchery - N. Fk. Payette
Coeur d' Al ene Hatchery - Coeur d' Al ene Lake
Coeur d' Alene Hatchery - Coeur d' Al ene Lake
Coeur d' Alene Hatchery - Spirit Lake
Evergreen Hatchery - N. Fk. Payette
Evergreen Hatchery - Fall Cr.
Evergreen Hatchery - N. Fk. Payette River

1938

1020

ChrAavrOr nan

Lnt ~nhArvaag

\NMAr m | AalrA

: Tom Roagers,

| DFG Personal

Communi cati on)

~  YEAR ORIGIN | IFESTAGE = DESTINATION

1980 Babi ne Lake, B.C. eyed €9gs Stanley Lake, ID

1981 Babi ne Lake, B.C. eyed eggs Stanl ey Lake, ID

1982 Babi ne Lake, B.C. eyed eggs St anl ey Lake, ID
Alturas Lake, ID

1983 Babi ne Lake, B.C eyed eggs Stanl ey Lake, 1D
Al turas Lake, ID

(Bowl es & Cochnauer, 1984)
Donor stock - Sockeye salmon fry from Babine Lake on
the Skeena River system is currently used to seed

St anl ey Lake.
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b. guantity

(Parrish 83, 84)

Al turas Lake - 1,400 fry per hectare stockedin 1983.

(1 daho Depart ment of Fish and Game, Fish Stocking Records,
| DFG
NO. FRY STOCKED STOCKI NG DATE STOCKI NG LOCATI ON EE?ELESY
40, 300 6/ 19-8/2/21 Al turas Lake -
25, 000 5/ 21/ 35 Payette Lake Tribs -
25, 000 9/ 22/ 35 Rapid Cr. -
98, 000 5/ 29/ 36 Payette Lake Tribs Ever green
98, 000 6/ 1/ 36 Payette Lake Tribs Ever green
40, 000 6/ 2/ 36 Payette Lake Tribs Ever green
27,300 7/ 10/ 37 Fi sher Gr.-'MCall Ever green
53, 300 7/ 20/ 37 Fall Cr. Ever green
26, 650 7121/ 37 Cougar Cr. Ever green
26, 000 7/21.137 N. Fk. Payette Ever green
32,000 7122/ 37 Deep Cr. Ever green
32,600 7122/ 37 Fi sher Cr. Evergreen
16, 000 7123/ 37 N. Fk. Payette Evergreen
125, 000 5/ 19/ 38 Coeur d' Al ene LKk. Coeur d'A
25, 000 5/ 23/ 38 Coeur d' Alene Lk. Coeur d'A
50, 000 5/ 2:x/ 38 Spirit LKk. Coeur d' A
98, 000 6/ 21/ 38 N. Fk. Payette Ever green
98, 000 6/ 22/ 38 Fall Cr. Ever green
50, 800 6/ 22/ 38 N. Fk. Payette Ever green
25,000 7/ 21/ 38 Warm LK. Evergreen
(Howel |l et al, 1985)
Reari ng and hi story for Mackay Hatchery
sockeve, brood 1980 to 1983:
Brood Brood No. eyed No. fry Stocking St ocking Hatchery
. .
1980 Babine 536,000 173,880 6/23/81 41.4 Stanlev Lk Amer. Fal
Lk., B. C.
1981 Babine 604, 350 260,393 6/24/82 48.9 Stanley Lk Amer. Fa
Lk., B. C.
1982 Babine 752,000 150, 015 6/20/83 73.0 Stanley Lk Mackav
Lk., B. C. 480, 800 6/20/83 65.0 Alturas Lk Mackay
1983 Babine 259, 356 63, 000 6/6/84 70.0 Alturas Lk Mackay
Lk., B. C. 147,000 6/6/84 70.0 Stanlev Lk Mackay
1984 No fish collected this year due to | HN.
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effectiveness

(Tom Rogers, |DFG, Personal conmmunication)
Babi ne Lake, B.C. (Fulton River) sockeye salnmn stocks
failed. No adult returns were observed

life history characteristics of donor stock

(Bowl es & Cochnauer, 1984)
Babi ne Lake stock of sockeye salmn from the Skeena
Ri ver system are relatively disease free, but exhibits
tributary spawning tendencies, and typically mgrates

| ess

than 640 river kilometers (Parrish, |IDFG pers.

comm , Foerster 1968)

(Kent Hauck, |DFG Fish Pathol ogi st, Eagle Lab)
Di sease history of Babi ne Lake sockeye raised at
American Falls Ha.tchery:(Note: no disease history for
sockeye raised at Mackay Hatchery)

CASE DATE BROOD FI SH STOCK SEECIES FI NDI NGS REMARKS
AF-1-91 1/7/81 '80 fry Babine Sockeye Coag.yolk Increasing
Lake, BC sal mon + BGD | oss. Sal t
or KNMNO4
AF-12-81 3/6/81 '80 fry Babine Sockeye Sys.Bact. 200/day |os
Lake, BC sal mon & BGD Std. flush
for 3 days.
If not im
proved,
then TM
feed for 14
days. Muich
i mproved.
AF-14-81 4/2/81 '80 fry Babine Sockeye BGD 159, 700 | os
Lake, BC sal non Cutrine +
4x flushes.
Good result
AF-2-82 4/1/82 '81 fry Babine Sockeye Sys.Bact. 50/day |oss
Lake, BC sal non TM feed for
10- 14 days.
AF-4-82 5/20/82 '81 Babine Sockeye Col dwater 2000/ day/rw
Lake, BC sal mon di sease | oss. Salt
& BGD @1 1/2% &
4X. T™M feed

for 10 davs

12



(1daho Departnment of Fish & Game file)
Babi ne Lake and Ri ver sockeye stock di sease history:

CASE DATE SPECI ES SRCE. DI AGNOSI S
792970 9-18-79  sockeye sal non wi | d Di phyl | obot hr.
792970 9-18-79 wild furuncul osi s
792970 9-18-79 wi | d Phi | onema
781590 6-14-78 wi | d | HN
771320 5-28-77 cul t | HN
770990 5-24-77 cul t | HN
761960 9-22-76 wild | HN
761080 6-18-76 cult Eubot hri um
761080 6-18-76 cul t Myxobact. Dis.
761080 6-18-76 cult Phi | onema
751590 9-9-75 wild | HN
900840 7-28-70 cult Myxobact. Dis.

4. Records of sockeye (eggs, juveniles, adults) shipnments to

areas outside the Salmon river Basin.

(Tom Rogers, |DFG, Personal Conmunication)
No sockeye were shipped out of the Sal non River Basin.

5. Evi dence of sockeye escapenent above and bel ow Sunbeam Dam
bet ween 1919 and 1934.

a. observations of adult passage

(Locke 1929)
Locke (1929) reported adult kokanee or residual sockeye
salmon in Redfish and Alturas Lakes. These fish
averaged about 11" long and weighed 1/2 |b. Sockeye
were occasionally found bel ow Sunbeam Dam averaged 4-7
| bs.

(Marie Sullivan, Personal Communication, Challis, ID)
Ms. Sullivan was born in 1919 in Stanley, ID and |ived
there for 30 years. She recalls her father taking her
to the Sunbeam Dam when she was a young girl to watch
the sockeye and chinook salnmon junmp at the base of the
dam trying to negotiate the fish |ladder. Not all the
fish were successful, but many did mke it up the
| adder. She remenbers sockeye returning every year as
a young child in the 1920"s and 1930"s (during the tine
when Sunbeam Dam was in operation), and observing the
socket') in September and October when they were
spawni ng i n RedfishLake.
13



(Nel |

ie Lenier, Personal Communication, Challis, |D)

Nellie Lenier was born in Stanley, ID in 1912, and
lived there for 36 years. She recalls seeing sockeye
sal mon above the Sunbeam Dam in the main Sal mon River
whil e the dam was in operation

b. harvest (recreational, commercial, tribal)

(Marie Sullivan, Personal Communication, Challis, |D)

Ms. Sullivan never harvested sockeye, or knew of
anyone harvesting sockeye, however, in 1933, she and
her brother speared 7 chinook salnon from Decker Creek
at Decker Flats. This was the first time salmn had
been seen in Decker Creek, and also became evidence
t hat sal non were negotiating the Sunbeam Dam

(Morgan W liams, Personal Communication, Challis, |D)

M. WIlliams said that he could not recall anyone
actually fishing for sockeye, though some chinook were
speared. Even the Indians, that would conme to their
ranch to tan deer hides each year, did not fish during
the early 1930"s.

C. spawni ng ground surveys

(Marie Sullivan, Personal Communication, Challis, |D)

In 1927, Ms. Sullivan recalls watching the |arge
sockeye salmon spawn along the shoreline of Redfish
Lake in October. She says the sockeye cane back every
year to spawn in Redfish Lake. In 1932 her teacher
took her class on a field trip to Redfish Lake to
observe the sockeye spawni ng. She recalls 100 s of
sockeye spawning in the | ake.

(Phyllis WIIians, Per sonal Comuni cati on, Chal li s, | D)
Phyllis WIlliams moved to Stanley in 1933 when she
married a | ocal rancher. She recalls observing adult
sockeye salnon spawning in Redfish Lake in October of
t hat year.

(Morgan W I liams, Personal Conmmunication, Challis, |ID)

M. WIlliams was born in 1922 in Stanley, and renenbers
the sockeye salmon returning to Redfish Lake as a small
boy. When he was in the 3rd grade (approximtely 1930)
his teacher took the class to the lake to watch the
sockeye spawn along the shore. He said there were
hundreds of sockeye.
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6. Hi storical records of kokanee distribution and abundance in
t he Sal non Ri ver Basin.

a. observations

(Bjornn et al, 1968)

In 1961, observations were made at Fish Hook Creek, the
only Redfish Lake tributary used for spawning, to

determ ne if spawni ng kokanee were present. No fish

were observed. During 1955-1966, Bjornn et al (1968)
did not observe kokanee and/or residual sockeye sal non
spawning on the shoreline spawning areas in Redfish
Lake, but observations were |Iimted.

(Ever mann, 1895)
Ever mann observed nonanadr omous forms of sockeye
(kokanee) during his visit to the |akes of the Stanley
Basin in 1884 and 1885.

(Locke, 1929)
Locke (1929) reported kokanee or residual sockeye
salmon in Redfish and Alturas Lakes at a time when
searun sockeye salmn could not get wupstream past
Sunbeam Dam

b. har vest

(Davi s, 1987)
Davis conducted a creel census at Redfish, Stanley,
Alturas and Pettit Lakes in 1986. The results of the
nunber of kokanee in the creel are |listed bel ow:
Total estimted
Creel Summary Kokanee harvest

LAKE DATE NO. C/R BOAT BANK
Redfish 5/24-9/1/86 94 0. 06 692 229
Stanl ey 5/24-9/1/86 148 0.1 477 517
Al turas 5/24-9/1/86 6 0. 005 30 34

Pettit (Kokanee were harvested, but no figures given)

(Davis, 1988)
A creel census was conducted at Redfish and Alturas
Lakes in 1987. The results of the nunber of kokanee in
the creel are listed bel ow

Total estimted
Creel Summary Kokanee harvest

LAKE DATE NO. C/'R BOAT BANK
Redfish 5/23-9/7/87 212 0.2 1, 869 9
Alturas 5/23-9/7/u7 22 0.01 79 71
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C. surveys (spawni ng ground, juvenile and adult
sanpl i ng)

(Rodeheffer, 1935)
Approxi mately 500-600 kokanee were observed spawning
during the second week of August (1934) in inlet of
Stapley Lake. These fish were reported to be about 8-
9" | ong.

(Davi s, 1987)
Kokanee were observed in Redfish and Alturas Lakes in
1986, but were not caught in gill net sets during June.
However, kokanee were seen in gill net sanples taken in
Stanl ey and Pettit Lakes in June and October of 1986.

(l1daho Departnment of Fish and Game Files, Menmorandum from James
C. Sinmpson, dated Aug. 24, 1960)
Kokanee scale sanples were taken in June (from Stanley
Basin Lakes). Age group ' kokanee had laid down their
first annulus in June; these fish were 3.3 inches |ong.

Age group Il kokanee showed distinct new annuli and
ranged from 5.7 to 7.1 inches in length, averaging 6.4
inches. Age group |1l were just form ng an annulus on

the edge and ranged from 8.0 to 8.8 inches, averaging
8.4 inches. Age group IV had not yet formed an annul us
(probably because growth in length is progressively
sl ower on older fish); they ranged from 8.8 to 10.0
i nches, averaging 9.5 inches.
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7. Records of kokanee suppl ementation (stocking)

Ri ver Basi n.

into the Sal non

a. origin and destination of donor stock (eggs,
juveniles, or adults)
(1daho Department of Fish and Game, Fish Stocking Records)

YEAR ORI GI N DONOR LI FESTAGE  DESTI NATI ON
1921 Havspur Hatcherv yearlings Streams of Saw-
t oot h Mount ai ns
1922 U. Chanpi on Lk.
1922 U. Champi on LKk.
1922 Payette Lake
1962 Anderson Ranch Res. Redfi sh Lake
1966 Anderson Ranch Res. Al turas Lake
1968 Anderson Ranch Res. fry Pettit Lake
Ander son Ranch Res. fry Al turas Lake
1971 Anderson Ranch Res. fry Fi shhook Creek
Ander son Ranch Res. fry Redfi sh Lake
1972 Anderson Ranch Res. 3-6" Redfi sh Lake
1988 Deadwood Reservoir 3-6" St anl ey Lake
1989 Deadwood Reservoir 3- 6" St anl ey Lake

(Jim

Si mpson, Personal Comruni cati on)

M. Sinpson recalls that the origin of the kokanee in
Ander son Ranch Reservoir was Pend d Oreille Lake. The
Pend d"Oreill e Lake kokanee originated in Flathead Lake,
MT.

(Evan Parrish, Personals Comrunication)

M. Parrish believes that the origin of the kokanee in
Deadwood Reservoir was from Redfish Lake sockeye sal non
during an egg taking program in the 1950"s. The eggs
supposedly were raised at Mackay Hatchery and fry were
pl anted i n Deadwood Reservoir.

(Rodeheffer, 1935)

Rodeheffer reported that numerous plantings of |[|and-
| ocked sockeye had been made to Stanley Lake with no
apparent results (pre-1935).
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b. quantity (ldaho Departnment of Fish and Game, Fish

St ocki ng Records)

Dat e Size at No. kokanee Lbs. fish Stocking Rearing

Pl ant ed Pl anti ng stocked pl ant ed | ocation Hatchery

6/19-8/2/21 Yr. 15, 000 Streans of Hayspur
Sawt oot h M s.

9/ 3/ 22 1,500 U. Chanmpi on Lk.

9/ 7122 500 U. Chanpi on Lk.

8/ 18/ 22 15, 750 Payette LK.

*1923 1, 000 St anl ey Lk.

7/ 13/ 62 43, 251 110.5 Redfi sh Lk. Mackay

718/ 66 59, 332 202.5 Al turas Lk. Mackay

6/ 26/ 68 < 3" 196, 000 280.0 Al turas Lk. Eagle

6/ 28/ 68 < 3" 79, 100 113.0 Pettit LKk. Eagl e

5/ 28/ 71 < 3" 50, 344 434.0 Fi shhook Cr.

6/ 17/ 71 < 3" 45, 900 450. 0 Redfi sh LKk.

7112172 3-6" 51, 435 635.0 Redfi sh LKk.

6/ 1/ 88 3-6" 49, 926 570.0 St anl ey Lk.

5/ 15/ 89 3-6" 60, 000 1,000.0 St anl ey Lk. -

*Rodeheffer, 1935
(Bjornn et al., 1968)
July 1962, 42,900 kokanee fingerlings of the 1961 year

class were released into Redfish Lake.

Bj ornn et al
pl anted in either

(1968) found no record of kokanee being
Pettit or Yellowbelly Lakes.

C. effectiveness

(Tom Rogers, |DFG, personal communication)
No eval uati ons of kokanee stocking prograns have been
conduct ed.

(Rodeheffer, 1935)
Reported that before 1935,
| ocked sockeye had been made
apparent results.

numer ous plantings of |and-
to Stanley Lake, with no
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8. Records of kokanee (eggs, juveniles, adults) shipnments to
areas outside the Salmon River Basin.

(Tom Rogers, |DFG, Personal Conmunication)
No kokanee shi pments have been made out of the Sal non
Ri ver Basin.

9. Life history characteristics of natural kokanee popul ati ons
in the Sal mon River Basin and donor stocks

a. spatial (lake or stream and tenporal reproductive
characteristics

b. i nci dence of interbreeding with sockeye

(Bruce Rieman, |DFG, Personal Conmunication)
No electrophoretic data on Stanley Basin sockeye,
however, sonme information exists for sockeye and kokanee
from other systens outside of |daho.

C. i nci dence of anadromy in the popul ation

(Bjornn et al, 1968)
The survival of juvenile sockeye in Redfish Lake from
potenti al egg deposition to snolt m gration was
unusual ly variable. For the year classes in which |ess
than 100, 000 eggs were deposited the snolts enunerated
compri sed about 2 to 144% of the potential egg
deposi tion.

The survival percentage of 144 for the 1961 year class
was evidence that sockeye salmn smolts from Redfish
Lake may originate from kokanee and/or residual sockeye
sal nron as well as the usual sea-run form of adult. There
werenore 1961 year class snolts enunmerated that sea-run
sockeye eggs avail able for deposition

Kokanee stocked in 1962, fromthe 1961 year class, could
have m grated from the | ake during the spring of 1963 as
yearlings along with the 1961 year class sockeye sal non
of fspring. The recovery of four marked kokanee (6,825
mar ked before release with a right ventral fin-clip)
among 6,209 snmolts exam ned in the spring of 1963 was an
i ndi cation that few of the planted kokanee m grated from
t he | ake.

In 1964, 45 fish which had evidently been to the ocean
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(based on their larger size) returned to Alturas Lake
and were observed in the outlet and inlet streams to the
| ake. These sea-run fish spawned in the same inlet
stream and at the same time (late August) as the
kokanee; thus Bjornn et al (1968) believed that they
wer e kokanee which had gone to sea and returned. Redfish
Lake sea-run sockeye salnmon spawn on the |ake shores
during October.

(Russ Kiefer, 1990, personal conmunication)

In 1990, |IDFG personnel captured 507 sockeye and PIT
tagged 393 of them in the upper Salmn River (above
Sawt oot h Hatchery weir). The origin of these fish was
probably Alturas Lake. The first PIT tagged fish was
interrogated at Lower Granite Dam on 5-19-90. Thirty one
fish have been interrogated to date (6-1-90), and their
average travel time from the upper Salnmn River to Lower
Granite Dam was 15 days. The sockeye salmn ranged in
length from 80.0 - 127.0 mm (FL), with a nmean |ength of
94.0 mMm

10. Characterize historical to present habitat features

Redfish, Alturas, Stanley, Pettit and Yellowbelly Lakes and their

tributaries

a. | ake productivity

(Casey & Webb, 1960)
Redfish Lake 1is <characterized as O igotrophic. Tota

di ssol ved solids were <60 ppm

(Bowl es & Cochnauer, 1984)
Redfi sh and Al tur as Lakes ar e cl assified as
O i gotrophic.

b. water quality and quantity (including fluctuations
in water elevation

(Rodeheffer, 1935)
Stanl ey Lake was surveyed in 1934 during the first week

of July. Surface water tenperature was 57.9 F. The
thermocline extended between the depths of 25 and 35

feet. A secchi disc reading of 30 feet indicated
relatively few microscopic organi sms above the
t her nocl i ne. St anl ey Lake has an approxi mate area of
136 acres, and maxi mum depth of 90 feet. Di ssol ved

oxygen was 7.9 ppm at the surface and 6.5 ppm at 60
feet. The lake is slightly acidic with a pH of 6.8.
The inlet to Stanley Lake had a volume flow of 15.7 cfs.
The outlet had a volume flow of 25 cfs.
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(Webb et.al., 1961)
In 1960, the IDFG conducted a general investigation in
water quality. Below are the water quality data for
Redfish, Alturas, Stanley and Pettit Lakes:

Redf i sh Al turas, Peftift <t anl av

Total dissolved salts <60 <60 <60 <60
pH 7.55 6.8 6.8 7.0
Ca 3.8 8.0 5.0 8.0
My .61 1.0 3.4 1.9
Na 1.84 1.0 1.0 2.0
K . 39 - - -
COo3 0 0 0 0
HCO3 15. 25 40. 0 20.0 28.0
Cl 3.55 11.0 8.0 10.0
S trace 0 0 31.2
NG3 .02 0 0 0
Total P .02 *0 *0 *0
Total Alkalinity 17.1 40 20 28
Di ssol ved Oxygen (ppm)
5 feet 7.2 7.8 7.4
35 feet - - 7:5
50 feet 9.0 8.6 -
Total Hardness (ppm 34.2 17.1 34.2
Wat er Tenperature (F)
Surface 64.0 70.0 65.0
5 feet - 70.0 65.0
25 feet 58.0 56.0 -
35 feet - - 52.0
50 feet 50.0 48. 0 -
75 feet 47.0 46. 0 42.0
125 feet 45. 0 46. 0 -

*Phosphat e Phosphorus

(Munt her, 1975)
Munt her (1975) measured streamflows below Alturas
Diversion as related to percentage of wusable stream
width suitable for salmn passage, using standard
Oregon method criteria of .8" and .6" m ni num depth.

(Bjornn et al 1968)

Bjornn et al (1968) has water tenperature and stream
flow information for Redfish Lake Creek from 1958 to

1966.

(Bowl es & Cochnauer, 1984)
Report morphol ogical and |imological characteristics
of Redfish and Alturas Lakes for 1983 (from MIIligan et
al . 1883).
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Redfi sh Lake has an area of 610 ha, and a mean depth of
50 m The | ake lies at an elevation of 1996 m and is
approximately 1450 river kilometers from the ocean.
Mean summer temperature is 18.0 C. Total P (ug/1l) is

6.0, and NO3-N (ug/1) is 40. Al kalinity is 7.7 mg/1l
and MElI is 0.6.
Al turas Lake, is much more productive than Redfish

Lake, however, both are classified as O igotrophic.
Al turas Lake has an Mel of 1.7, Total P (ug/1l) of 9.0,
and NO3-N (ug/1l) of 40. The area is smaller than
Redfi sh Lake, at 334 ha, and has a nmean depth of 28 m
Lake elevation for Alturas Lake is at 214 m and |ies
1480 river kilometers fromthe ocean

(ldaho Department of Fish and Gane, file dated 8/23/78)
Yel | owbel ly Lake has a total surface area of 82.2 ha,
and lies at an elevation of 2151.1 m It has a maxinum
depth of 22.7 m and a shoreline length of 5.2 km
Surface tenperature in August was 15.0 C, and bottom
tenmperature was 8.0 C. Secchi Disc measured 12.0 m
Al kalinity was 6.85 mg/1l, Specific conductance was 25
umho/cm at 25 C, PH was 6.7 and Dissolved oxygen was
7.0 mg/ .

c, spawning substrate quality and quantity

(Rodeheffer, 1935)
In a survey conducted in 1934 by U S. Forest Service
personnel, the bottom of the inlet to Stanley Lake was
composed of shifting gravel, which (as noted) makes
i deal spawning grounds. The outlet of Stanley Lake has a
bottom conposed of gravel and rocks up to a foot in
di amet er.

(Welsh et. al., 1965)
An estimated 3 percent of Redfish Lake bottom is |ess
than 20 feet in depth. The lake is the only presently
known spawning area for sockeye salmon in the Snake
Ri ver drai nage.

(Petrosky & Hol ubetz, 1986)
Percent habitat type for sections of Alturas Lake Creek

were nmeasured above Alturas Lake, in 1984 and 1987.
Section |locations are shown in the FY1984 Report,
Proj ect 83-7. Pet r osky (Personal Communi cati on)

summari zes the upper reach as essentially pristine and
capabl e of supporting |arge nunmbers of sockeye, Chinook
and steel head spawners. The data are summari zed bel ow:
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Channel Mean % Pool : Mean Substrate Conp. (%
Secti on TvPe Wdth Gadient. Riffle Sand Gravel Rubble. Boul. Bed

1A C 7.5m 0.40 2.0:1 25.0 66.5 8.5 0 0
2A C 7.2m 0. 33 4.7:1 41.5 57.5 0.5 0 0

Sections were also sanpled in the upper S. Fork Salnon
?aggg)at Stolle Meadows in 1985 by Petrosky and Hol ubet E

d, describe and quantify devel opnent activities

11. Describe the design, location (maps), manner and period of
operation, and date of initial operation for any diversions or
barriers to fish passage in areas that have supported sockeye and
kokanee popul ations in the Stanley Basin.

(Locke, 1929)
Sunbeam Dam built in 1913 on the min Salnon River,
approximately 20 mles downstream from the nouth of
Redfi sh Lake Creek blocked fish passage. Attenpts to
construct fishways around Sunbeam Dam were never
successful and sockeye salnmn were reportedly unable to
pass upstream

(Bjornn et al, 1968)
The Sunbeam Dam was partially renmoved in 1934 to pernmit
passage of salnmon, however, no attenpts were nmade to
reestablish the sockeye salnmon runs at this tine.

(Munt her, 1974)
Potential barriers to salmn migration into Alturas Lake
i nclude several irrigation diversions which are believed
to be the min reason why sockeye salnmn have not
reestablished in Alturas Lake. The diversion (No. 17) is
| ocated on Forest Service land (T7N, R14E, Sec.4). On
Val l ey Creek, there are no diversions below the mouth of
St anl ey Creek. However, during |late sunmmer, tenperatures

maybe adversely affected by low flows, in combination
with high natural summer tenperatures of Stanley Lake
Cr eek.
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(Petrosky & Hol ubetz, 1986)

Approximately 8 km upstream from the nouth of Alturas
Lake Creek, an irrigation diversion dam (Figure 18)
usual ly diverts all flow after the first week of July.
The stream is dewatered for 2.6 km Dbelow this
diversion. Sufficient flows for chinook spawning and
rearing are provided to the |ower portions of Alturas
Lake Creek in nmost years by Vat Creek and subsurface
flows. However, the diversion has elimnated a sockeye
run which probably exceeded 4,500 in escapenent at onhe
time.

(Partridge, 1984)
Sawt ooth Hatchery weir located on the min Salnmon
Ri ver, has been in operation since 1981. Sockeye
heading to Alturas Lake must be passed above this weir.

(Fisher, 1977)
The Alturas Lake Creek Diversion is located 0.8 mles
west of Hwy. 93, at MP 170. The road approaches the
screen/diversion site to within about 100'. The screen
size is 3" X 10" (5 wunits reqg.), and is powered by
electricity.

(1daho Department of Fish and Game, file) Physical Data on
Yel | owbel |l y and Stanley Lake M gration Barriers.

The barriers on Pettit, Yellowbelly, and Stanley Lakes
are simlar in design. The Stanley Lake barrier has 5

bays, each about 10" in wi dth. The total between
bunkers would be 54'. The water drops 4 feet onto an
apron 6 feet long. The Yellowbelly Lake barrier has 6
bays, each about 8 in width. The total wi dth between

bunkers would be 53 feet. The water drops 5 feet onto
an apron 6 feet |ong.

(John Lloyd, 1990, Personal Communi cati on, USFS, SNRA)
Currently, all the water in Alturas Lake Creek is
diverted for irrigation. Set as a priority in 1990,
the USFS is in the process of obtaining funds to
redesign the Alturas Lake Creek diversion with a
smal |l er headgate to allow a mnimum flow of 14 cfs

(requested by the SNRA), and screen all irrigation
di tches.
12. Have spawni ng channel s been inplenented in |daho for any

speci es of anadronmpus fish and if so with what results?
(Kent Ball, |DFG, Personal Communicati on)

At present, there are no spawni ng channel s for
anadromous fish in | daho.
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Appendi x A

Comparison of mean (and range) fork |engths taken of mgrating
sockeye salmon at Redfish Lake, in the main Salmn River at
Stanley, ID and in the Snake River at Lewi ston, |D.

(Bjornn et. al., 1968.)
Average fork | ength (nm of yearling sockeye sal non
m grating from Redfish Lake, 1954-1964:

1954 67.4
1955 76.7
1956 70.7
1957 87.7
1958 117. 4
1959 105. 4
1960 102.5
1961 93.3
1962 82.1
1963 87.5
1964 100. 2

(Ed Buettner, |DFG, Personal Communication, 1990)
Average fork length (mm and range of sockeye sal non
collected at the Snake River smolt trap |l ocated at Lewi ston, |ID:

1990 83.3  (73.0-124.0)

(Russ Kiefer, |IDFG, Personal Conmunication, 1990)

Average fork length (mm and range of sockeye sal mon
collected at the Salmon River trap |ocated at Stanley, |D:

1990 94.0 (80.0-127.0)



Bi bl i ography

Bj ornn, T.C., D.A. Craddock and D.R. Corl ey. 1968. M gration
and survival of Redfish Lake, |daho, sockeye sal non,
Oncorhynchus nerka.~. Trans. Amer. Fish. Society, Vol.

97, No.4, 31 October 1968. pp. 360-373.

Bowl es, E., and T. Cochnauer. 1984. Potenti al sockeye sal non
production in Alturas Lake Creek drainage, |daho. I|daho
Department of Fish and Game, P.O. No. 40-0267-4-127

Buettner, E.W and V.L. Nelson. 1987. Snmolt condition and
timng of arrival at Lower Granite Reservoir. Bonneville
Power Adm nistration, Contract No. DE- A179- 83BP11631
Proj ect No.83-323B. | DFG Annual Report.

1988. Smolt condition and timng of arrival at Lower Granite
Reservoir. Bonnevill e Power Adm nistration

Contract [INo. DE-A179-83BP11631, Project No.83-323B. |DFG
Annual Report.

1989. Snolt condition and tim ng of arrival at Lower
Granite Reservoir. Bonnevill e Power Adm nistration,
Contract [INo. DE-A179-83BP11631, Project No 83-323B. |DFG
Annual Report.

1990. Smolt condition and tim ng of arrival at Lower
Granite Reservoir. Bonnevill e Power Adm ni stration,
Contract No. DE-A179-83BP11631, Project No. 83-323B. |DFG
Annual Report.

Casey, O E. and WE. Webb. 1960. Ceneral investigations in
water quality. Job No. 1, Water Quality Investigations,
Di ngel | -Johnson Project, IlIdaho Fish and Game Departnment,
82 pp. Multilith.

Craddock, D.R. 1958. Construction of a two-way weir for the
enumer ati on of sal mon m grants. U S. Fish WIdI
Serv., Prog. Fish-Cult., 20(1):33-37.

Davis, J.A 1987. Regi onal Fishery Management | nvestigations.
Sal non Subregi on Lowl and Lakes I nvestigations. Project
No. : F-71-R-11, Job No.: 6(SAL)-b?

Davis, J.A 1988. Regi onal Fishery Management | nvestigations.
Sal mon Subregi on Lowl and Lakes | nvestigations. Project
No. : F-71-R-12, Job No.: 6(SAL)-b?2.

Ever mann, B. W 1895. A Prelimnary report upon sal mon
i nvestigations in Idaho in 1894. Bulletin U S. Fish

Conmmi ssi on. 15: 253-284.



Fi sher, J. G, P.E. 1977. Downstream m grant fish screens fox
irrigation ditches, Upper Salmn River Basin, |daho.
Report of the Sawtooth National Recreation Area, |daho.

NMFS.

Hal | - Gri swold, J. and T. Cochnauer. Apr. 1986. Sal non and
St eel head | nvestigations. Study I: Sal non Spawni ng
Ground Surveys. Job Performance Report, Project F-73-

R-8. Idaho Fish and Gane.

Feb. 1988. Sal non and Steel head | nvestigations.
Study I: Sal nron Spawni ng Ground Surveys. Job
Per f ormance Report, Project F-73-R-9. | daho Fi sh and
Gane.
Apr. 1988. Sal non and Steel head | nvestigations.
Study |: Sal non Spawni ng Ground Surveys. Job Performance

Report, Projct F-73-R-10. Idaho Fish and Gane.

Hauck, F. R 1955, Return of the Big Redfish. | daho W I dI .
Rev., 7(6):3-4.

Howel |, P., K. Jones, D. Scarnecchia, L. Lavoy, W Kendra, and D.
Ort mann. 1985. St ock assessment of Col umbia River
anadronmous sal nonids. Vol. |: Chinook, Coho, Chum and

Sockeye stock sunmaries. BPA Contract No. DE-Al179-84-
BP12737. Portland, OR

Koski, C.H., S. W Pettit, and J.L. McKer n. 1990. Fi sh
Transportati on Oversi ght Team Annual Report - FY 1989.
Transport Operations on the Snake and Col unbia Rivers. NOAA
Techni cal Mermorandum NMFS F/ NWR- 27.

Locke, S. 1929. Whitefish, grayling, trout, and sal non of the
| nt er nount ai n Regi on. Bureau of Fishery Docunent
1062: 173-190.

Mal let, J. 1974. Long range planning for salmn and steel head
in |Idaho. Job 2: I nventory of sal non and steel head
resources, habitat, use, and demand. Job performance
report, Project F-58-R 1, Idaho Dept. of Fish and Gane.

Munt her, G. L. 1974. Fishery effects of irrigation diversion and
related structures in the Sawtooth National Recreation Area.
Progress Report 1, U.S. Forest Service. 68 pp.

Par khurst, Z. 1950. Survey of the Colunmbia River and its
tributaries--Part VII, Area VI. Snake River from above
the Grande Ronde River through the Payette River. Fish
WIldl. Serv. Spec. Sci. Rep. Fish. 40, ii + 95 pp.



